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(57) ABSTRACT 

The present invention is a circuit and method for measuring 
leakage on the plurality of word lines in a memory device. In 
one embodiment, a memory device may include a leakage 
measurement circuit that is coupled to a plurality of word 

(73) Assignee: Micron Technology, Inc., Boise, ID lines of the memory device. The leakage measurement circuit 
(US) may be operable to generate a reference current and to deter 

mine whether a leakage current on one of the plurality of word 
21) Appl. No.: 12A271,140 lines is acceptable relative to the reference current. In another 
(21) Appl. No.: 9 embodiment, a method may include determining whether 

leakage on one of a plurality of word lines of a memory device 
(22) Filed: Nov. 14, 2008 is allowable using a circuit in the memory device. 
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AUTOMATIC WORD LINE LEAKAGE 
MEASUREMENT CIRCUITRY 

TECHNICAL FIELD 

0001. This invention relates generally to memory devices, 
and more particularly, to leakage measurement in a memory 
device. 

BACKGROUND OF THE INVENTION 

0002 With increasing popularity of electronic devices, 
Such as laptop computers, portable digital assistants, digital 
cameras, mobile phones, digital audio players, video game 
consoles and the like, demand for nonvolatile memories are 
on the rise. NonVolatile memories come in various types, 
including flash memories. Flash memories are widely used 
nowadays for fast information storage in electronic devices 
Such as those mentioned above. 
0003. In flash memories, data bits are stored in an array of 
individual memory cells, each of which includes a floating 
gate transistor. Generally speaking, each of the memory cells 
in a flash memory looks similar to a standard metal-oxide 
semiconductor field-effect transistor (MOSFET), except that 
a flash memory cell has two gates instead of just one. One 
gate, the control gate, is analogous to the gate in a MOSFET. 
The other gate, the floating gate, is insulated all around by an 
oxide layer and is between the control gate and the Substrate. 
Because the floating gate is insulated by its insulating oxide 
layer, any electrons placed on it get trapped there and thereby 
enable the storage of data. More specifically, when electrons 
are on the floating gate, their presence modifies, by partially 
canceling out, the electric field coming from the control gate. 
This results in the modification of the threshold voltage of the 
transistor, since a higher electric field is now required to 
enable an electrical current to flow between the source and the 
drain of the transistor than it would require without the elec 
trons on the floating gate. If the number of electrons on the 
floating gate is sufficiently large, the resulting modified 
threshold voltage will be so high as to inhibit any electrical 
current to flow between the source and the drain when the 
normal operating Voltage is applied to the control gate. 
Hence, in a typical flash memory cell that stores a binary bit, 
electrical current will either flow or not flow when a memory 
cell is being read by applying a Voltage on the control gate, 
depending on the number of electrons on the floating gate. 
The flow or no flow of electrical current, in turn, translates to 
a binary bit 1 or 0, respectively. 
0004. In the pursuit of greater storage capacity in yet 
Smaller chips, the flash memory density has been increasing 
over the years in accordance to the Moore's Law, largely due 
to the down Scaling of the memory cell dimensions. The 
continued down scaling of MOS devices has created many 
challenges and opportunities, among them the formidable 
requirement for an ultra-thingate oxide. One serious problem 
that comes along with thin oxide, and hinders further down 
Scaling, is excessive leakage current. Specifically, when the 
oxide layer Surrounding the floating gate of a flash memory 
cell is so thin that electrons stored on the floating gate may 
leak out (e.g., from the floating gate to the control gate and the 
word line that is coupled to the control gate, and eventually to 
ground), a result is that a binary bit 0 originally stored in the 
memory cell might now appear to be a binary bit 1. 
0005 Since the excessive leakage current for such an 

ultra-thin oxide will be unacceptable for very-large-scale 
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integration (VLSI) applications, it is imperative that flash 
memories with unacceptable leakage current be identified 
during manufacturing process. As such, during manufactur 
ing, flash memories are tested to assure that they are operating 
properly (e.g., having allowable leakage current). A leakage 
test is conducted to measure the leakage current on the word 
lines of each flash memory to determine whether the leakage 
current on any of the word lines is excessive and thus unac 
ceptable. 
0006 Conventionally, the leakage current in memory 
devices is measured using external leakage measurement 
instrument during the manufacturing process. FIG. 1A illus 
trates a conventional leakage measurement system 100 show 
ing how the leakage current in a memory device, such as a 
flash memory, is measured. An external leakage measurement 
instrument 120 is connected to a conventional memory device 
110 via pad 130, which is connected to rows decoder 140 in 
the memory device 110. The rows decoder 140 is coupled to 
the word lines of the memory device (not shown). The exter 
nal leakage measurement instrument 120 selects the word 
line on which the value of leakage current is measured by 
sending a selection signal to rows decoder 140, which in turn 
selects the word line. 
0007 FIG. 1B illustrates a conventional leakage measure 
ment system 105 for measuring the leakage current on one of 
the word lines of the conventional memory device 110 of FIG. 
1A. As shown, word line 150 is selected for leakage current 
measurement and is coupled to the external leakage measure 
ment instrument 120 via pad 130 and rows decoder 140. 
Leakage paths of leakage current on a given word line may 
exist, for example, between a word line and another word line. 
One way to measure the leakage current on a given word line 
is to place on the word line a voltage that is different from the 
Voltage on neighboring word lines. As a result, the Voltage 
differential would induce leakage current to flow and thereby 
be detected and measured. Referring to FIG. 1B, when word 
line 150 is at voltage Vcc and its neighboring word line 160 is 
at 0 volt, a leakage current 170 may flow from word line 150 
to word line 160, and is measured by the external leakage 
measurement instrument 120. 
0008. However, this kind of leakage measurement takes 
longer time than ideal since leakage current is measured from 
outside of the memory devices. This results in long test time 
and leads to long manufacturing cycle, which translates into 
high cost of production. There is therefore a need for a way to 
reduce the test time required to measure leakage current on 
the word lines of memory devices such as flash memories. 

SUMMARY OF THE INVENTION 

0009. According to one aspect of the present invention, a 
memory device may include a leakage measurement circuit 
that is coupled to a plurality of word lines of the memory 
device. The leakage measurement circuit may be operable to 
generate a reference current and to determine whether a leak 
age current on one of the plurality of word lines is acceptable 
relative to the reference current. 
0010. According to another aspect of the present inven 
tion, a method may include determining whether leakage on 
one of a plurality of word lines of a memory device is allow 
able using a circuit in the memory device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1A is a block diagram illustrating a conven 
tional leakage measurement system for measuring leakage in 
a memory device. 
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0012 FIG. 1B is a schematic and block diagram illustrat 
ing a conventional leakage measurement system for measur 
ing leakage current on a word line of a memory device. 
0013 FIG. 2 is a block diagram illustrating a leakage 
measurement system in which a memory device has an inter 
nal leakage measurement circuit according to one embodi 
ment of the invention. 
0014 FIG.3 is a schematic and block diagram illustrating 
measurement of leakage current on a plurality of word lines of 
a memory device using a leakage measurement circuit in the 
memory device according to one embodiment of the inven 
tion. 
0015 FIG. 4 is a timing diagram illustrating the operation 
of the leakage measurement circuit of FIG. 3. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0016 Described herein is a memory device and method 
for measuring leakage on the plurality of word lines in a 
memory device. The following description sets forth numer 
ous specific details such as examples of specific systems, 
components, methods, and so forth, in order to provide a good 
understanding of several embodiments of the present inven 
tion. It will be apparent to one skilled in the art, however, that 
at least some embodiments of the present invention may be 
practiced without these specific details. In other instances, 
well-known components or methods are not described in 
detail or are presented in simple block diagram form in order 
to avoid unnecessarily obscuring the present invention. Thus, 
the specific details set forth are merely for illustration pur 
pose. Particular implementations may vary from these illus 
tration details and still be contemplated to be within the spirit 
and scope of the present invention. 
0017. A leakage measurement system 200 according to 
one embodiment of the invention is shown in FIG. 2. The 
memory device 210 of FIG. 2 differs from the memory device 
110 of FIG. 1A by including a leakage measurement circuit 
220. The leakage measurement circuit 220 in memory device 
210 is coupled to the word lines (not shown) of the memory 
device 210. The leakage measurement circuit 220 generates a 
reference current and determines whether a leakage current 
on each one of the word lines is acceptable relative to the 
reference current. 
0018. In one embodiment, the leakage measurement cir 
cuit 220 in the memory device 210 may be able to generate a 
number of reference currents each at a current value different 
from the others. The leakage measurement circuit may 
receive an external signal for current setting through the input 
pad 230. Based on the decoding of this external signal, the 
leakage measurement circuit 220 selects one of the number of 
reference currents to be used to run a leakage test on each of 
the word lines of the memory device 210. 
0019. By varying the current value of the reference cur 
rent, leakage current on each of the word lines of the memory 
device 210 can be measured. For example, the leakage mea 
Surement circuit 220 may initially generate a reference cur 
rent at a current value of 2.5 LA, according to the current 
setting external signal, and run a leakage test to determine 
whether the leakage on the word lines of the memory device 
210 is acceptable. If, for example, the leakage test results 
indicate that the leakage current on each of the word lines of 
the memory device 210 is acceptable in comparison with the 
reference current (e.g., the leakage current on each of the 
word lines is less than 2.5LA), a different external signal may 
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be sent to the leakage measurement circuit 220 through the 
input pad 230 so that the leakage measurement circuit 220 can 
generate a reference current at a different current value, say, 1 
LA, and run another leakage test. In this example, if during 
this second leakage test the leakage current on one or more of 
the word lines of the memory device 210 is found to be 
unacceptable (e.g., more than 1 JLA), the leakage measure 
ment circuit 220 can thereby determine that the leakage cur 
rent on the one or more of the word lines that failed the 
leakage test is between 1 LA and 2.5 L.A. Meanwhile, the 
leakage current on each of all other word lines is less than 1 
LA, since the leakage current on those word lines was found 
to be acceptable during the second leakage test using a refer 
ence current of 1 LA. 
0020. Accordingly, during manufacturing process the 
memory device 210 may receive one or more external signals 
through the input pad 230, and each of the one or more 
external signals may then initiate a leakage test on the word 
lines of the memory device 210 that runs at a different refer 
ence current value. At the end of each of the one or more 
leakage tests, the leakage measurement circuit 220 may gen 
erate a PASS/FAIL signal, which can be available at and 
accessible externally through an output pad, that indicates 
whether the memory device 210 has passed the particular 
leakage test. 
0021. In another embodiment, the leakage measurement 
circuit 220 in the memory device 210 may automatically run 
a series of leakage tests, each of which uses a reference 
current generated at one current value that is different from 
the reference current values used in other leakage tests in the 
series of tests. For example, the series of leakage tests may 
begin with a relatively high current value for the reference 
current, and gradually decrease the current value for the ref 
erence current in each of the Subsequent leakage test. Accord 
ingly, when the series of leakage tests are completed, the 
leakage measurement circuit 220 will have measured the 
leakage current on each of the word lines of the memory 
device 210. Furthermore, the result of each of the series of 
tests can be accessible externally through an output pad. 
0022. Therefore, by incorporating a built-in circuit, such 
as the leakage measurement circuit 220, in memory devices, 
the leakage current on the word lines of memory devices can 
be automatically measured without the use of an external 
leakage measurement instrument. Consequently, the manu 
facturing cycle and the overall product cost can be reduced. 
0023 FIG.3 is a schematic and block diagram of a leakage 
measurement system 300 for measuring leakage in the 
memory device 210 in accordance with one embodiment of 
the invention. As shown in FIG.3, a current generation circuit 
310 receives a current setting signal 308 from an input pad 
302 and generates a reference current 312 at one of a number 
of current values based on the current setting signal 308. The 
current generation circuit 310 is connected in parallel to a 
number of measurement enable circuits 320. The number of 
measurement enable circuits required is the number of the 
word lines (or, word lines and select gates, in another embodi 
ment, where leakage on the select gates is to be measured as 
well) in the memory device 210 on which leakage current is to 
be measured; for example, N. In other words, the current 
generation circuit 310 is connected in parallel to N measure 
ment enable circuits 320. For simplicity, FIG. 3 only shows 
the current generation circuit 310 being connected to one of 
the N measurement enable circuits 320. In one embodiment, 
the reference current 312 may be supplied to only the word 
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line (or select gate) on which leakage is to be measured. In an 
alternative embodiment, the current generation circuit 310 
may be able to Supply the same reference current to more than 
one word lines (and/or select gates), when leakage is mea 
Sured on more than one word lines (and/or select gates) simul 
taneously, as the reference current 312 when leakage is mea 
Sured on only one word line (or select gate). 
0024. Each of the measurement enable circuits 320 is con 
nected to one of the word lines (and select gates, in an alter 
native embodiment) of the memory device 210, and is also 
connected to one of N comparing circuits, comparing circuits 
340(1) through 340(N). The outputs of the comparing circuits 
340(1)-340(N) are received at a selection circuit 330, which 
generates an output that is accessible externally through the 
output pad 380. In one embodiment, the current generation 
circuit 310 includes a number of current mirrors that generate 
a number of reference currents from a master reference cur 
rent. Since the operation and structure of current mirrors are 
well known in the art, in the interest of brevity the following 
description will focus on the other aspects of the present 
invention. 

0025. In one embodiment, each of the measurement 
enable circuits 320 may enable the word line or select gate on 
which leakage current is measured by allowing the Voltage 
level on the word line or select gate to be measured while a 
reference current is being supplied to the word line or select 
gate. As shown in FIG.3, the measurement enable circuit 320 
includes transistors 322, 324 and 326, each of which func 
tions as a Switch. In one embodiment, as shown in FIG. 3, the 
transistors 322 and 324 may each be a n-type metal-oxide 
semiconductor (NMOS) transistor, and the transistor 326 
may be a p-type metal-oxide-semiconductor (PMOS) transis 
tor. In another embodiment, each of the transistors 322, 324 
and 326 may be a switching circuit that is able to perform the 
functions described above. The transistors are connected and 
arranged so that the aforementioned functionality of the mea 
surement enable circuit 320 can be achieved. Each of the 
transistors 322,324 and 326 has one control terminal (e.g., the 
gate) and two signal terminals (e.g., the Source and drain), 
terminals A and B. When a transistor 322, 324 or 326 is 
enabled, electrical current can flow from one terminal to the 
other. Conversely, when a transistor 322, 324 or 326 is dis 
abled, there is no current flow between its terminals. In FIG. 
3, terminal A of the transistor 322 is connected to a corre 
sponding word line 350, and terminal B of the transistor 322 
is connected to an input terminal of a corresponding compar 
ing circuit. Terminal B of the transistor 322 is also connected 
to terminal B of the transistor 324 as well as terminal B of the 
transistor 326. The transistor 324 is connected to the current 
generation circuit 310 at its terminal A. Terminal A of the 
transistor 326 is connected to a Voltage source that is at a 
predetermined voltage level. The predetermined voltage 
level, although shown to be Vcc in FIG. 3, can be set to any 
voltage level other than Vcc, including 0 volt, as will be 
described in detail below. 

0026. The control terminal of the transistor 322 is con 
nected to receive a “word line enable' signal 304 that may 
have either a high (enable) value or a low (disable) value. The 
control terminal of the transistor 324 and the control terminal 
of the transistor 326 are not only connected to each other but 
also connected to receive a “measure enable” signal 306, 
which may have either a high (enable) value or a low (disable) 
value. The transistors 322 and 324 are chosen such that the 
transistors 322 and 324 are disabled when the signal on the 
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control terminal is low, and enabled when the signal on the 
control terminal is high. Similarly, the transistor 326 is chosen 
Such that it is enabled when the signal on its control terminal 
is low, and disabled when the signal is high. 
0027. In operation, before a word line/select gate is 
selected for leakage measurement, both the “word line 
enable' signal 304 and the “measure enable' signal 306 are 
low. In one embodiment, the timing of the changes in the 
“word line enable signal 304 and the “measure enable' 
signal 306 (e.g., going from low to high) is arranged such that 
the “word line enable' signal 304 goes high first, followed by 
a period of time, before the “measure enable” signal 306 goes 
high. When both the “word line enable' signal 304 and the 
“measure enable” signal 306 are low, the transistors 322 and 
324 are disabled while the transistor 326 is enabled. With the 
transistor 326 enabled, the predetermined voltage level at 
terminal A of the transistor 326 (e.g., Vcc) is applied to the 
electrical line 328 that connects terminal B of the transistors 
322,324 and 326 with one another and one of the inputs of the 
corresponding comparing circuit (e.g., 340(1)), and thereby 
sets the voltage on the electrical line 328 to be at the prede 
termined voltage level. 
0028. When the “word line enable' signal 304 goes high, 
both the transistor 322 and the transistor 324 are enabled. 
With the transistor 322 enabled, the word line 350 is electri 
cally coupled to the electrical line 328, and the voltage levels 
on both are equalized. Since the voltage on the electrical line 
328 has been previously set to the predetermined voltage level 
(e.g., Vcc), when the transistor 322 is enabled the Voltage on 
the word line 350 is also set to the predetermined voltage 
level. 

0029. After a sufficient period of time that allows the volt 
age level on the word line 350 to settle at the predetermined 
voltage level (e.g., Vcc), the “measure enable' signal 306 
goes high. This enables the transistor 324 and, at the same 
time, disables the transistor 326. Consequently, the voltage 
source at terminal A of the transistor 326 is electrically 
decoupled from the electrical line 328 as well as the word line 
350. As such, any change involtage level on the word line 350 
and the electrical line 328 will be attributed to other factors, 
such as leakage. With the transistor 324 enabled, the current 
generation circuit 310 is electrically coupled to the electrical 
line 328 as well as the word line 350. As a result, the reference 
current 312 is supplied to the electrical line 328 as well as the 
word line 350 since the transistor 322 is still enabled. It should 
be noted that the current generation circuit 310 utilizes a 
Voltage source that is at a Voltage level (e.g., HV or the power 
source of the memory device 210) higher than the predeter 
mined voltage level (e.g., Vcc) that the word line 350 and the 
electrical line 328 were set to. 

0030 Depending on the size of the leakage current 370 on 
the word line 350, the voltage level on the electrical line 328 
and the word line 350 may increase or decrease as the refer 
ence current 312 is being supplied to the electrical line 328 
and the word line 350. If the leakage current 370 on the word 
line 350 is smaller in magnitude than the current value of the 
reference current 312, then the voltage level on the word line 
350 (and on the electrical line 328) should rise because more 
electrical charges are being Supplied than are leaking out. In 
contrast, if the leakage current 370 on the word line 350 is 
larger in magnitude than the current value of the reference 
current 312, then the voltage level on the word line 350 (and 
on the electrical line 328) should fall because more electrical 
charges are leaking out than are being Supplied. 
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0031. As shown in FIG. 3, the comparing circuit 340(1) 
has a first input terminal 342(1), connected to the electrical 
line 328, and a second input terminal 344(1), connected to the 
predetermined voltage level that is present atterminal A of the 
corresponding transistor 326. The other comparing circuits 
340(2)-340(N) are set up similarly, but for simplicity, only the 
connections of comparing circuit 340(1) are shown. Each of 
the comparing circuits 340(1)-340(N), therefore, compares 
the Voltage level on its corresponding word line/select gate 
(which is electrically coupled to the electrical line that is 
physically connected to the first input terminal of the com 
paring circuit) with the predetermined voltage level that the 
word line/select gate was previously set to. In one embodi 
ment, each of the comparing circuits 340(1)-340(N) is a com 
parator. In another embodiment, each of the comparing cir 
cuits 340(1)-340(N) may be a circuit that is able to compare 
two values. 

0032. In one embodiment, each of the comparing circuits 
340(1)-340(N) may be enabled to compare the voltage levels 
on its two input terminals at Some time after the “measure 
enable' signal 306 went high from low, in order to allow 
sufficient time for the voltage level on the word line/select 
gate of interest to either rise or fall for more accurate mea 
surement. When the voltage level on the word line 350 is 
higher than the predetermined Voltage level, signifying the 
leakage current 370 is smaller than the reference current 312, 
the comparing circuit 340(1) generates an output signal indi 
cating a PASS. Likewise, when the voltage level on the word 
line 350 is lower than the predetermined voltage level, signi 
fying the leakage current 370 is larger than the reference 
current 312, the comparing circuit 340(1) generates an output 
signal indicating a FAIL. 
0033 According to one embodiment of the present inven 

tion, simultaneous leakage measurement on all the word lines 
as well as individual leakage measurement on each of the 
word lines are achievable. More specifically, a PASS/FAIL 
result representative of the results from the leakage measure 
ment on all the N word lines may be accessible at the output 
pad 380, and the individual PASS/FAIL result from the leak 
age measurement on each of the N word lines may also be 
accessible at the output pad 380. In one embodiment, the 
selection circuit 330 may be a multiplexing logic circuit, the 
operation and structure of which are known in the art. In 
another embodiment, the selection circuit 330 may be a cir 
cuit that is able to perform the function described herein. The 
selection circuit 330 receives the outputs of the comparing 
circuits 340(1)-340(N) and generates an output that is acces 
sible externally through the output pad 380. For example, the 
selection circuit 330 may include NNAND logic circuits each 
of which receiving the output of a corresponding comparing 
circuit. In a simultaneous leakage measurement scenario, if 
one of the N word lines fails the leakage measurement at a 
given reference current value, the result seen at the output pad 
380 will indicate a FAIL. This means that at least one of the 
word lines has an unacceptable leakage current compared to 
the reference current. Alternatively, in an individual leakage 
measurement scenario, the output of each of the comparing 
circuits 340(1)-340(N) may be connected to the output pad 
380 by a transfer complementary metal-oxide-semiconductor 
(CMOS) logic, and thus the PASS/FAIL result for each of the 
N word lines may be individually seen at the output pad 380. 
In one embodiment, the selection of whether the type of 
leakage measurement is to be simultaneous leakage measure 
ment or individual leakage measurement can be made by 
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initial setting. For example, the selection may be included in 
the “reference current setting stage. The selection circuit 380 
can calculate or decode the outputs, based on the type of 
leakage measurement selected. 
0034. It should be appreciated by those skilled in the art 
that when leakage current is being measured on a particular 
word line the Voltage level on its neighboring word lines may 
or may not be different from the voltage on the particular 
word line. For example, when the leakage current on word 
line 350 is being measured, as shown in FIG.3, the voltage on 
the word line 350 may be set to Vcc volt while the voltage on 
the neighboring word lines 355 and 360 is set to 0 volt. This 
is to help identify the direction of the leakage current. Fur 
thermore, if a particular word line is set to Vcc volt and is 
measured to have huge leakage while the Voltage on its neigh 
boring word lines is also Vcc Volt, the leakage is not likely a 
word line-to-word line leakage. Accordingly, the Voltage that 
is applied to each of the word lines/Select gates and one of the 
input terminals of the corresponding comparing circuit may 
be set to a range of voltage levels. For example, the Voltage on 
all the word lines may be set to Vcc. As another example, the 
voltage on the word lines may be set to Vcc while the voltage 
on the select gates may be set to 0 volt. Yet in another example, 
the voltage on the even-number word lines may be set to Vcc 
while the voltage on the odd-number word lines may be set to 
0 volt, or vice versa. In a different example, the voltage on one 
word line or select gate may be set to Vcc while the voltage on 
all the other word lines is set to 0 volt. Alternatively, in the 
aforementioned examples where the Voltage may be set to a 
voltage between Vcc and 0 (e.g., Vcc/2 or Vcc/3) in lieu of 
Vcc. A purpose of Such Voltage variation is to maximize the 
opportunity of identifying all the possible leakage paths. 
Therefore, with a combination of reference current variation 
and word line Voltage variation, a thorough leakage measure 
ment may be enabled by the present invention. 
0035 FIG. 4 is a timing diagram 400 that illustrates an 
example of the operation of the leakage measurement circuit 
of FIG. 3 with respect to one of the word lines of the memory 
device 210. As shown, in one embodiment, initially the sig 
nals and Voltage level start out being low and 0 Volt, respec 
tively. At time T0, the “word line enable” signal goes high, 
allowing the word line (or select gate) of interest to be elec 
trically coupled to a predetermined Voltage level (e.g., Vcc). 
At time T1, the voltage on the word line (or the select gate) has 
reached the predetermined voltage level. At time T2, the 
“measure enable' signal goes high, removing the predeter 
mined voltage level from the word line (or the select gate) and 
allowing the reference current to be supplied to the word line 
(or select gate). As shown in FIG. 4, the voltage on the word 
line (or select gate) rises if the leakage current is Smaller than 
the reference current, and the voltage on the word line (or 
select gate) falls if the leakage current is Smaller than the 
reference current. At time T3, the corresponding comparing 
circuit is enabled to compare the voltage on the word line (or 
select gate) with the predetermined voltage level that the word 
line (or select gate) was set to between times T0 and T1. The 
comparing circuit then generates an output indicating PASS if 
the Voltage on the word line (or select gate) is greater than the 
predetermined Voltage level. Or, the comparing circuit gen 
erates an output indicating FAIL if the Voltage on the word 
line (or select gate) is less than the predetermined Voltage 
level. At time T4 the leakage measurement result is available 
and accessible externally at the output pad 380. At time T5 a 
“discharge enable' signal stops the Supply of the reference 
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current to the word line (or select gate) and renders the Voltage 
on the word line (or select gate) to be discharged so as to 
return the Voltage on the word line (or select gate) to its initial 
Voltage (e.g., 0 Volt). 
0036. Thus, a circuit and method for measuring leakage on 
the plurality of word lines in a memory device have been 
described. It is to be understood that the above description is 
intended to be illustrative, and not restrictive. Many other 
embodiments will be apparent to those of skill in the art upon 
reading and understanding the above description. The scope 
of the invention should, therefore, be determined with refer 
ence to the appended claims, along with the full scope of 
equivalents to which Such claims are entitled. 
What is claimed is: 
1. A memory device, comprising: 
a plurality of memory cells; 
a plurality of word lines coupled to the plurality of memory 

cells; and 
a leakage measurement circuit coupled to the plurality of 
word lines, the leakage measurement circuit operable to 
generate a reference current and to determine whether a 
leakage current on one of the plurality of word lines is 
acceptable relative to the reference current. 

2. The memory device of claim 1 wherein the leakage 
measurement circuit operable to generate the reference cur 
rent at one of a plurality of current values and to determine 
whether the leakage current on one of the plurality of word 
lines is acceptable relative to the reference current at one of 
the plurality of current values. 

3. The memory device of claim 1 wherein the leakage 
measurement circuit comprises: 

a current generation circuit to generate the reference cur 
rent at one of a plurality of current values; 

a leakage test circuit coupled to the current generation 
circuit and the plurality of word lines, the leakage test 
circuit operable to compare the leakage current on each 
of the plurality of word lines with the reference current; 
and 

a selection circuit coupled to the leakage test circuit and 
operable to generate a signal indicating whether the 
leakage current on at least one of the plurality of word 
lines is acceptable. 

4. The memory device of claim 3 wherein the leakage test 
circuit comprises a plurality of measurement enable circuits 
and a plurality of comparing circuits, and wherein: 

each of the plurality of measurement enable circuits 
coupled to a respective one of the plurality of word lines 
and a respective one of the plurality of comparing cir 
cuits, 

each of the plurality of measurement enable circuits oper 
able to set a word line voltage on the respective one of the 
plurality of word lines to a respective voltage level by 
coupling the respective one of the plurality of word lines 
to the respective Voltage level responsive to a first con 
trol signal, 

each of the plurality of measurement enable circuits further 
operable to couple the respective one of the plurality of 
word lines to the respective one of the plurality of com 
paring circuits responsive to the first control signal, 

each of the plurality of measurement enable circuits further 
operable to decouple the respective one of the plurality 
of word lines from the respective voltage level respon 
sive to a second control signal, and 
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each of the plurality of measurement enable circuits further 
operable to supply the reference current to the respective 
one of the plurality of word lines by coupling the respec 
tive one of the plurality of word lines to the current 
generation circuit responsive to the second control sig 
nal. 

5. The memory device of claim 4 wherein each of the 
plurality of comparing circuits operable to compare the word 
line voltage on a respective one of the plurality of word lines 
with a respective voltage level to indicate whether the leakage 
current on the respective one of the plurality of word lines is 
acceptable. 

6. The memory device of claim 5 wherein: 
each of the plurality of measurement enable circuits com 

prises: 
a first switch having a control terminal to receive the first 

control signal, a first signal terminal coupled to a 
respective one of the plurality of word lines, and a 
second signal terminal coupled to a respective one of 
the plurality of comparing circuits, 

a second Switch having a control terminal to receive the 
second control signal, a first signal terminal coupled 
to the current generation circuit, and a second signal 
terminal coupled to the second signal terminal of the 
first switch, and 

a third switch having a control terminal to receive the 
second control signal, a first signal terminal coupled 
to a respective Voltage level, and a second signal ter 
minal coupled to the second signal terminal of the first 
switch, and wherein: 

each of the plurality of comparing circuits comprises a 
sense amplifier having a first input terminal coupled to 
the second signal terminal of the first Switch, a second 
input terminal coupled to the respective Voltage level, 
and an output terminal to generate the signal indicating 
whether a respective leakage current on the respective 
one of the plurality of word lines is acceptable. 

7. The memory device of claim 6 wherein: 
the first Switch and the second Switch comprise a n-type 

metal-oxide-semiconductor (NMOS) transistor, 
the third Switch comprises a p-type metal-oxide-semicon 

ductor (PMOS) transistor, and 
the sense amplifier comprises a comparator. 
8. The memory device of claim 3 wherein the selection 

circuit comprises a multiplexer having a plurality of input 
terminals each of which coupled to an output terminal of a 
respective one of the plurality of comparing circuits, and an 
output terminal to generate the signal indicating whether a 
respective leakage current on at least one of the plurality of 
word lines is acceptable. 

9. The memory device of 1 wherein the memory device 
comprises a flash memory device. 

10. A computer system, comprising: 
an input device; 
an output device; 
a processor coupled to the input device and the output 

device; and 
a memory device coupled to the processor and having a 

plurality of word lines, the memory device operable to 
generate a reference current in the memory device and to 
determine whether a leakage current on one of the plu 
rality of word lines of the memory device is acceptable 
relative to the reference current. 
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11. The computer system of claim 10 wherein the memory 
device operable to generate the reference current at one of the 
plurality of current values, and wherein determining whether 
the leakage current on one of the plurality of word lines is 
acceptable relative to the reference current comprises deter 
mining whether the leakage current on one of the plurality of 
word lines is acceptable relative to the reference current at one 
of the plurality of current values. 

12. The computer system of claim 10 wherein the memory 
device comprises: 

a current generation circuit to generate the reference cur 
rent at one of the plurality of current values; 

a leakage test circuit coupled to the current generation 
circuit and the plurality of word lines, the leakage test 
circuit operable to compare the leakage current on each 
of the plurality of word lines with the reference current; 
and 

a selection circuit coupled to the leakage test circuit and 
operable to generate a signal indicating whether the 
leakage current on at least one of the plurality of word 
lines is acceptable. 

13. The computer system of claim 12 wherein the leakage 
test circuit comprises a plurality of measurement enable cir 
cuits and a plurality of comparing circuits, and wherein: 

each of the plurality of measurement enable circuits 
coupled to a respective one of the plurality of word lines 
and a respective one of the plurality of comparing cir 
cuits, 

each of the plurality of measurement enable circuits oper 
able to set a word line voltage on the respective one of the 
plurality of word lines to a respective voltage level by 
coupling the respective one of the plurality of word lines 
to the respective Voltage level responsive to a first con 
trol signal, 

each of the plurality of measurement enable circuits further 
operable to couple the respective one of the plurality of 
word lines to the respective one of the plurality of com 
paring circuits responsive to the first control signal, 

each of the plurality of measurement enable circuits further 
operable to decouple the respective one of the plurality 
of word lines from the respective voltage level respon 
sive to a second control signal, and 

each of the plurality of measurement enable circuits further 
operable to supply the reference current to the respective 
one of the plurality of word lines by coupling the respec 
tive one of the plurality of word lines to the current 
generation circuit responsive to the second control sig 
nal. 

14. The computer system of claim 13 wherein each of the 
plurality of comparing circuits operable to compare the word 
line voltage on a respective one of the plurality of word lines 
with a respective voltage level to indicate whether the leakage 
current on the respective one of the plurality of word lines is 
acceptable. 

15. The computer system of claim 14 wherein: 
each of the plurality of measurement enable circuits com 

prises: 
a first switch having a control terminal to receive the first 

control signal, a first signal terminal coupled to a 
respective one of the plurality of word lines, and a 
second signal terminal coupled to a respective one of 
the plurality of comparing circuits, 

a second Switch having a control terminal to receive the 
second control signal, a first signal terminal coupled 
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to the current generation circuit, and a second signal 
terminal coupled to the second signal terminal of the 
first switch, and 

a third switch having a control terminal to receive the 
second control signal, a first signal terminal coupled 
to a respective Voltage level, and a second signal ter 
minal coupled to the second signal terminal of the first 
switch, and wherein: 

each of the plurality of comparing circuits comprises a 
sense amplifier having a first input terminal coupled to 
the second signal terminal of the first Switch, a second 
input terminal coupled to the respective Voltage level, 
and an output terminal to generate the signal indicating 
whether a respective leakage current on the respective 
one of the plurality of word lines is acceptable. 

16. The computer system of claim 15 wherein: 
the first Switch and the second Switch comprise a n-type 

metal-oxide-semiconductor (NMOS) transistor, 
the third Switch comprises a p-type metal-oxide-semicon 

ductor (PMOS) transistor, and 
the sense amplifier comprises a comparator. 
17. The computer system of claim 12 wherein the selection 

circuit comprises a multiplexer having a plurality of input 
terminals each of which coupled to an output terminal of a 
respective one of the plurality of comparing circuits, and an 
output terminal to generate the signal indicating whether a 
respective leakage current on at least one of the plurality of 
word lines is acceptable. 

18. The computer system of 10 wherein the memory device 
comprises a flash memory device. 

19. A method, comprising: 
determining whether leakage on one of a plurality of word 

lines of a memory device is acceptable using a circuit in 
the memory device. 

20. The method of claim 19, further comprising generating 
a reference current at one of a plurality of current values using 
the circuit in the memory device. 

21. The method of claim 20 wherein determining whether 
the leakage on one of the plurality of word lines of the 
memory device is acceptable comprises determining whether 
a respective leakage current on one of the plurality of word 
lines of the memory device is acceptable relative to the ref 
erence current that is generated at one of the plurality of 
current values. 

22. The method of claim 21 wherein determining whether 
a respective leakage current on one of the plurality of word 
lines of the memory device is acceptable relative to the ref 
erence current comprises: 

setting a respective word line Voltage on the one of the 
plurality of word lines to a respective voltage level; 

supplying the reference current to the one of the plurality of 
word lines after the respective word line voltage has 
been set to the respective voltage level; and 

comparing the respective word line Voltage on the one of 
the plurality of word lines with the respective voltage 
level to determine whether the respective voltage level is 
higher than the respective word line Voltage. 

23. A method, comprising: 
generating a reference current in a memory device; 
setting a word line Voltage of a word line of the memory 

device to a predetermined Voltage; 
coupling the reference current to the word line; and 
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detecting changes in the word line Voltage relative to the 
predetermined Voltage and a polarity of any detected 
change. 

24. The method of claim 23 wherein generating the refer 
ence current in the memory device comprises generating the 
reference current in the memory device at one of a plurality of 
current values. 

25. The method of claim 24 wherein coupling the reference 
current to the word line comprises coupling the reference 
current that is generated at one of the plurality of current 
values to the word line after the word line voltage has been set 
to the predetermined Voltage. 

26. The method of claim 24 wherein detecting changes in 
the word line voltage relative to the predetermined voltage 
and a polarity of any detected change comprises: 

comparing the word line Voltage and the predetermined 
voltage after the reference current is coupled to the word 
line; 

indicating a failure when the word line voltage is lower 
than the predetermined Voltage; and 

indicating a pass when the word line Voltage is not lower 
than the predetermined Voltage. 

27. The method of claim 24 wherein detecting changes in 
the word line voltage relative to the predetermined voltage 
comprises detecting changes in the word line Voltage relative 
to the predetermined Voltage by coupling to the word line a 
reference current at a second current value different from a 
first current value of the plurality of current values after 
detecting changes in the word line Voltage relative to the 
predetermined Voltage by coupling to the word line a refer 
ence current at the first current value of the plurality of current 
values. 

28. The method of claim 24 wherein setting the word line 
Voltage on the word line to a predetermined Voltage com 
prises setting a respective Voltage on one of a plurality of 
word lines and select gates of the memory device to a respec 
tive predetermined Voltage, wherein coupling the reference 
current to the word line comprises coupling the reference 
current to the one of the plurality of word lines and select 
gates, and wherein detecting changes in the word line Voltage 
relative to the predetermined Voltage comprises detecting 
changes in the word line Voltage on one of the plurality of 
word lines and select gates relative to a respective predeter 
mined Voltage. 

29. The method of claim 28 wherein the respective prede 
termined Voltage comprises a plurality of Voltage values. 

30. The method of claim 29 wherein detecting changes in 
the word line voltage relative to the predetermined voltage 
comprises individually detecting changes in the respective 
word line voltage of each of the plurality of word lines and 
select gates relative to the respective predetermined Voltage. 

31. The method of claim 29 wherein detecting changes in 
the word line voltage relative to the predetermined voltage 
comprises simultaneously detecting changes in the respective 
word line voltage of more than one of the plurality of word 
lines and select gates relative to the respective predetermined 
Voltage. 

32. The method of claim 29 wherein setting the respective 
Voltage on one of the plurality of word lines and select gates 
to a respective predetermined Voltage comprises setting the 
respective voltage on each of the plurality of word lines and 
select gates to a first Voltage value of the plurality of Voltage 
values. 
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33. The method of claim 29 wherein setting the respective 
Voltage on one of the plurality of word lines and select gates 
to a respective predetermined Voltage comprises setting the 
respective voltage on each of the plurality of word lines to a 
first Voltage value of the plurality of voltage values and setting 
the respective Voltage on each of the plurality of select gates 
to a second Voltage value of the plurality of voltage values that 
is different from the first voltage value. 

34. The method of claim 29 wherein the plurality of word 
lines comprise even-number word lines and odd-number 
word lines, and wherein setting the respective Voltage on one 
of the plurality of word lines to a respective predetermined 
Voltage comprises setting the respective Voltage on each of 
the even-number word lines to a first voltage value of the 
plurality of Voltage values and setting the respective Voltage 
on each of the odd-number word lines to a second Voltage 
value of the plurality of voltage values that is different from 
the first voltage value. 

35. The method of claim 29 wherein setting the respective 
Voltage on one of the plurality of word lines and select gates 
to a respective predetermined Voltage comprises setting the 
respective voltage on one of the plurality of word lines and 
select gates to a first Voltage value of the plurality of Voltage 
values and setting the respective Voltage on each of the other 
word lines and select gates to a second Voltage value of the 
plurality of voltage values that is different from the first 
Voltage value. 

36. A method, comprising: 
setting a word line Voltage on a word line of a memory 

device to a predetermined Voltage; 
generating a reference current in the memory device; and 
determining if a leakage current on the word line exceeds 

the reference current using a circuit in the memory 
device. 

37. The method of claim 36 wherein generating the refer 
ence current in the memory device comprises generating the 
reference current in the memory device at one of a plurality of 
current values. 

38. The method of claim 37 wherein determining if the 
leakage current on the word line exceeds the reference current 
comprises: 

providing the reference current to the word line after the 
word line voltage of the word line has been set to the 
predetermined Voltage; and 

determining a change in the word line Voltage. 
39. The method of claim38 wherein determining a change 

in the word line Voltage comprises: 
comparing the word line Voltage to the predetermined Volt 

age when the reference current is being provided to the 
word line; 

indicating a failure when the word line voltage is lower 
than the predetermined Voltage; and 

indicating a pass when the word line Voltage is not lower 
than the predetermined Voltage. 

40. The method of claim 38 wherein providing the refer 
ence current to the word line comprises providing to the word 
line a reference current at a second current value different 
from a first current value of the plurality of current values 
after providing to the word line a reference current at the first 
current value of the plurality of current values. 

41. The method of claim 40 wherein the word line of the 
memory device comprises a plurality of word lines and select 
gates of the memory device, wherein setting the word line 
Voltage on the word line to a predetermined Voltage com 
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prises setting a respective Voltage on one of the plurality of 
word lines and select gates to a respective predetermined 
Voltage, and wherein comparing the word line Voltage to the 
predetermined Voltage comprises comparing the respective 
voltage on the one of the plurality of word lines and select 
gates to the respective predetermined Voltage. 

42. The method of claim 41 wherein the respective prede 
termined Voltage comprises a plurality of Voltage values. 

43. The method of claim 42 wherein determining a change 
in the word line Voltage comprises determining a change in 
the respective voltage on each of the plurality of word lines 
and select gates individually. 

44. The method of claim 42 wherein determining a change 
in the word line Voltage comprises determining a change in 
the respective Voltages on more than one of the plurality of 
word lines and select gates simultaneously. 

45. The method of claim 42 wherein the respective voltage 
on each of the plurality of word lines and select gates is set to 
a first voltage value of the plurality of voltage values. 

46. The method of claim 42 wherein the respective voltage 
on each of the plurality of word lines is set to a first voltage 
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value of the plurality of voltage values and the respective 
Voltage on each of the select gates is set to a second Voltage 
value of the plurality of voltage values that is different from 
the first voltage value. 

47. The method of claim 42 wherein the plurality of word 
lines comprise even-number word lines and odd-number 
word lines, and wherein the respective voltage on each of the 
even-number word lines is set to a first voltage value of the 
plurality of Voltage values and the respective Voltage on each 
of the odd-number word lines is set to a second voltage value 
of the plurality of voltage values that is different from the first 
Voltage value. 

48. The method of claim 42 wherein the respective voltage 
on one of the plurality of word lines or one of the plurality of 
select gates is set to a first Voltage value of the plurality of 
Voltage values and the respective Voltage on each of the other 
word lines and select gates is set to a second Voltage value of 
the plurality of voltage values that is different from the first 
Voltage value. 


